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out the  system  were  made  for  various  gate  openings  and  pool  elevations. 

( Continued) 


EDCnON  OF  I NOV  66  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  rBRwi  DoloH^torod) 


SECURITY  CLASSIFICATION  OF  THIS  P AGE('IFh«n  Dmf  Kntmfd) 


20.  ABSTRACT  (Continued). 

Although  the  model  gate  was  suspended  from  a wire  cable,  cable  stretch  and 
tension  were  not  simulated.  Also,  roller  bearing  and  seal  friction  were  some- 
what greater  in  the  model  than  in  the  prototype.  -Therefore,  some  caution  should 
be  exercised  in  application  of  the  data  to  prototype  simulations.  For  example, 
if  any  movement  of  the  gate,  however  small,  occurred  in  the  model  it  should  be 
assumed  that  the  prototype  gate  will  catapult;  operation  with  these  conditions 
should  be  avoided. 

The  discharge  coefficients  that  were  measured  for  flow  underneath  the  gate 
were  about  as  expected.  However,  the  discharge  coefficients  for  the  back-of- 
gate  orifices  were  considerably  higher  than  had  been  expected.  The  back-of-gate 
orifice  is  actually  a submerged,  vertical  short  tube.  There  is  not  a plentiful 
supply  of  data  concerning  discharge  coefficients  for  a vertical  orifice,  but 
the  limited  amount  of  inforination  that  is  available  indicates  that  the  coeffi- 
cients determined  in  this  study  are  not  unreasonable. 

•The  pressures  measured  at  various,  locations  in  the  penstock,  on  the  gate, 
and  in  the  scroll  case  area  were  not  indicative  of  a blow  due  to  water  hammer,  | 
although  there  was  a pronounced  change  in  pressures  at  the  time  when  the  scroll  , 
case  became  full  and  flow  started  up  the  gate  slot.  The  pressures  measured 
underneath  the  gate  on  the  bottom  structural  member  could  not  be  directly  re- 
lated to  the  uplift  force. 

Although  the  data  could  not  be  generalized  for  specific  design  criteria, 
the  following  conclusions  can  be  used  as  guidance  for  design  of  intake  gates: 

If  the  combined  back-of-gate  orifice  area  is  greater  than  the  area  of  the 
gate  opening,  the  gate  will  not  catapult. 

^/Placing  a skin  plate  on  the  back  of  the  gate  has  little  effect  on  uplift 
forces . 

(C)  The  length  of  the  approach  penstock,  within  the  limits  tested,  has  no 
effect  on  uplift  forces. 

The  configuration  of  the  area  downstream  from  the  gate  has  an  effect  on 
the  uplift  force.  When  the  gate  piers  and  wicket  gate  restrict  flow  there 
is  less  tendency  for  catapult.  Thus,  the  intake  gate  with  the  greatest 
restrictions  should  be  used  for  watering-up.  It  is  possible  that  a long 
downstream  penstock  would  cause  greater  uplift  forces,  but  this  was  not 
proved  in  this  study. 

back-of-gate  orifice  configuration  like  that  designed  for  Clarence  Cannon 
powerhouse  is  very  beneficial  in  reduction  of  uplift  forces  with  the  small 
gate  opening  required  for  watering-up. 
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PREFACE 


The  model  investigation  reported  herein  was  authorized  by  the  U.  S. 
Army  Engineer  Division,  Missouri  River,  on  23  July  1973  at  the  request 
of  the  U.  S.  Army  Engineer  District,  Omaha.  The  studies  were  conducted 
by  personnel  of  the  Hydraulics  Laboratory  (HL),  U.  S.  Army  Engineer 
Waterway  Experiment  Station  (WES)  during  the  period  December  1973  to 
January  1976  under  the  general  supervision  of  Messrs.  H.  B.  Simmons, 
Chief  of  HL,  and  J.  L.  Grace,  Jr.,  Chief  of  the  Structures  Division,  HL. 
The  tests  were  conducted  by  Messrs.  N.  R.  Oswalt,  J.  F.  George,  and 
H.  H.  Allen,  under  the  supervision  of  Mr.  G.  A.  Pickering,  Chief  of  the 
Locks  and  Conduits  Branch.  This  report  was  prepared  by  Messrs.  George 
and  Pickering. 

During  the  course  of  the  model  investigation,  Messrs.  Alfred  S. 
Harrison,  Alexander  Weremy,  Robert  0.  Olson,  and  Robert  E.  Pletka  of 
the  Missouri  Division;  Messrs.  Lloyd  E.  Sell,  Frank  Vovk,  Ronald  W. 
Bockerman,  and  Carl  L.  Brezden  of  the  Omaha  District;  Messrs.  Kenneth  F. 
Crabtree,  Jon  M.  Conley,  Walter  M.  Linder,  Dwayne  A.  Landenberger , and 
Bernard  Bubdenbender  of  the  Kansas  City  District;  Mr.  Albert  L. 
McCorramach  of  the  Walla  Walla  District;  and  Ms.  Nancy  H.  Hsieh  arid 
Mr.  Charles  Denzel  of  the  St.  Louis  District  visited  WES  to  discuss 
test  results  and  to  correlate  these  results  with  concurrent  design  work. 

Directors  of  WES  during  the  testing  program  and  the  preparation 
and  publication  of  this  report  were  COL  G.  H.  Hilt,  CE,  and  COL  J.  L. 
Cannon,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Si) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units 
verted  to  metric  (SI) 

Multiply 

of  measurement  used  in 
units  as  follows: 

By 

this  report  can  be  con- 
To  Obtain 

inches 

2^.k 

millimetres 

feet 

0.301*8 

metres 

miles  (U.  S.  statute) 

1.60931*1* 

kilometres 

cubic  feet  per  second 

0.02831685 

cubic  metres  per  second 

pounds  (mass) 

O.U53592I* 

kilograms 

kips  (force) 

1*1*1*8.222 

newtons 

kilowatt-hours 

3,600,000 

joules 

POWERHOUSE  INTAKE  GATE  CATAPULT  STUDY,  BIG  BEND  DAI-1 
SOUTH  DAKOTA,  AMD  STOCKTON,  HARRY  S.  TRUMAM,  AND 


CLARENCE  CANNON  DAI-1S,  MISSOURI 

I j 

I Hydraulic  Model  Investigation 

PART  I:  INTRODUCTION 

The  Prototypes  i 

1.  Big  Bend  Dam  is  on  the  Missouri  River  in  central  South  Dakota 
(Figure  l).  All  discharges  from  the  dam  are  through  the  power  units 
and  the  spillway.  Eight  generating  units  with  a dependable  capacity 

of  538,000  kw*  are  installed  in  the  powerhouse.  For  full-gate  operating 
conditions,  these  units  will  discharge  103,000  cfs  from  the  reservoir. 

2.  Stockton  Dam  is  at  mile  ^49. 5 on  the  Sac  River  about  2 miles 
east  of  Stockton,  Missouri  (Figure  2).  One  generating  unit  with  a 
capacity  of  145,200  kw  is  installed  in  the  powerhouse.  For  full-gate 
operating  conditions,  this  unit  discharges  13,1400  cfs  from  the  reservoir. 

3.  Harry  S.  Truman  Dam  (formerly  Kaysinger  Bluff)  is  at  mile  175  on 
the  Osage  River  near  Warsaw,  Missouri  (Figure  2).  Six  generating  units 
will  be  installed  in  the  powerhouse. 

I4.  Clarence  Cannon  Dam  will  be  located  in  northeast  Missouri  on 
the  Salt  River  at  approximately  mile  63.0  above  its  confluence  with  the 

Mississippi  River  (Figure  2).  Power  generation  plans  provide  for  a 1 

pumped  storage  operation  with  a reregulation  dam  to  be  constructed 
about  9.5  miles  downstream  of  the  dam.  The  power  plant  will  contain 
two  turbines  capable  of  generating  62,000  kw. 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Sl)  units  is  presented  on  page  3. 
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Figure  2.  Vicinity  map,  Stockton,  Harry  S.  Truman, 
and  Clarence  Cannon  Dams 

Operating  Procedure 

5.  Procedures  for  watering-up  the  scroll  case  area  between  the 
intake  gates  and  the  wicket  gates  vary  with  each  hydroelectric  power 
plant  design.  Watering-up  operations  can  be  accomplished  with  bypass 
piping,  but  this  procedure  takes  many  hours.  Additional  piping  could 
reduce  the  watering-up  time;  however,  the  cost  of  this  type  of  modifi- 
cation to  existing  structures  would  be  very  high. 

6.  The  intake  gate  is  often  used  for  watering-up  operations.  The 
watering-up  operation  can  be  accomplished  by  simply  opening  the  intake 
gate  6 to  12  in.  The  operation  requires  very  little  time  and  thus 
avoids  the  additional  expense  and  installation  of  bypass  piping.  This 
procedure  has  been  used  at  Big  Bend  and  is  proposed  for  use  at  Stockton, 
Harry  S.  Truman,  and  Clarence  Cannon  power  plants. 

7.  When  the  intake  gate  is  used  for  watering-up  purposes,  however, 
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forces  lart’ie  enough  to  catajiult  Uie  intake  fate  can  develoji.  As  the  area 
between  the  intake  state  and  wi'.-ket  states  becomes  full  durinr  the  waterinr- 


up  op  ration,  the  water  passes  through  an  openiiif^  between  the  downstrc-ar. 
ride  of  ttie  intake  state  and  tiie  f'a  . slot.  This  area  acts  as  an  orifi.a: 
and  is  referred  to  as  the  back-of-t'^ate  orifice.  If  tiiis  orifice  w!  it}, 
or  combination  of  orifice  widtiis  (dependent  on  number  of  bays)  is  rr.aller 
than  tile  gate  openings,  tlie  back-of-gate  orifice  could  re.strict  the  •’low 
of  water  into  the  gate  slot  enough  to  cause  hydraulic  forces  to  dev  i i 
that  could  catapult  the  intake  gate. 

8.  Wlien  this  procedure  was  used  for  water in.-'-up  at  Mossyrock  Da.r* 
of  the  city  of  Tacoma,  Washington  (not  a Corps-operated  pro.lect),  ar. 
intake  gate  weigiiing  IU5  kips  was  catapulted  approximately  hO  f*  ur  * iie 
gate  slot.  Also,  at  Dworshak  Dam  while  a maintenance  crew  wa.:.  aitem:tinr 
to  barely  open  an  emergency  gate  upstream  of  a closed  servic'.  ra*'  , 
emergency  gate  weighing  only  27-7  kips  catapulted  ,’h9  ft  to  ; 

the  gate  slot.  Fortunately,  the  gate  was  skewed  in  the  to[  --f  *iit-  rlr- 
and  did  not  fall  back  down  the  slot. 

Meed  for  and  Purpose  of  .'ioiel  Arial.ys i .s 

9-  During  the  design  and  operation  of  intake  gates  ft;-  vaier'i.r- 
p purposes,  many  assumptions  rrrast  be  made  because  of  inadequa'c  desi-'’. 
guidance.  Sufficient  data  are  not  available  to  determine  a safe  .rela- 
tionship between  the  powerhouse  configuration,  gate-lip  orifice,  back- 
of-gate  orifice,  and  reservoir  head.  For  these  reasons,  a model  study 
was  considered  necessary  to  determine  the  beliavlor  of  pei.stock  intake 
gates  during  watering-up  operations.  Specificalxy , the  model  study  was. 
to  determine  the  following: 

The  discharge  coefficients  for  the  gate-lip  orifice  and 
the  bick-of-gate  orifice. 

The  effect  of  various  size  back-of-gate  orifices  on  uplift 
forcec  during  watering-up  operations. 


i 


r 


c_.  The  effect  of  adding  a skin  plate  on  the  downstream  face 
of  the  intake  gate  on  uplift  forces. 

d.  The  overall  hydrodynamic  phenomena  causing  the  gate  to 
catapult  and  methods  of  measuring  tne  related  forces. 


i 
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PART  I 1 : THE  MODEL 


'ii'ure  3)  was  constructed  to  a scale  oT  l:lo  e 
;ate,  three  service  fjate  slots,  the  penstock, -• 
'UJtttion  for  the  Big  Bend  powerhouse  (Plate  1 
its,  and  scroll  case  were  constructed  of  trcin: 
■lit  observations  of  flow  conditions.  The  pen. 


MODfl  STl/Dl'  OF 

P0l»fRH0(.SE  INTAKE  GATE 
CATAPULT  PROBLEMS 

M«SS£>UP’»IVfO 

SCALF 

I FT  MOOri  *16  FT  PlTyPr 


General  view  of  model 


was  connected  to  a pressure  tank  with  an  overflow  pipe  that  extended  to 
the  reservoir’  head  desired.  A circular  wicket  pate  was  constructed  of 
sheet  metal  and  provided  a quick-action  closure  capability.  All  members 
of  the  service  gate,  shown  in  Plate  2,  were  reproduced  in  detail  with 
respect  to  size,  shape,  and  weight  and  were  constructed  of  sheet  metal. 
Roller  bearings  were  mounted  on  the  gate  to  allow  it  to  traverse  the 
gate  slots  with  minimum  friction.  Rubber  seals  were  attached  to  the 
upstream  side  of  the  gate  and  on  the  gate  lip.  The  model  gate  is  shown 
in  Figures  U and  5.  The  weight  of  the  service  gate  was  adjusted  for 
various  test  conditions  by  adding  or  removing  lead  weights  on  the  down- 
stream side  of  the  gate. 

11.  The  service  gate  was  suspended  by  a cable  during  tests  to 
determine  the  catapult  height.  The  cable  was  replaced  with  a rigid 
connection,  which  included  a O.h-in.-diam  rod  with  a 150-lb  load  cell, 
during  tests  to  measure  the  uplift  forces  acting  on  tlie  intake  gate. 

12.  The  model  was  constructed  so  that  modifications  for  various 
size  back-of-gate  orifices  could  be  reproduced  easily.  The  model  also 
had  the  capability  for  reproducing  flow  through  any  one  of  the  three 
gate  bays  by  shifting  the  scroll  case  and  the  downstream  portion  of  the 
model  to  different  positions  relative  to  the  penstock  and  test  gate. 

.Model  Appurtenances 

13.  Water  used  in  the  operation  of  the  model  was  supplied  by  a 
recirculating  system,  and  discharges  were  measured  by  a venturi  meter. 
Different  designs  along  with  various  flow  conditions  were  recorded 
photographically . 

li* . Piezometers  were  installed  throughout  the  model  to  measure 
pressures.  Also,  pressijres  were  measured  with  pressure  cells  mounted 
at  various  locations  in  the  scroll  case,  penstock,  overflow  pipe,  and 
in  the  bottom  and  the  upstream  side  of  the  service  intake  gate.  The 
fast-response  transducers  used  in  measuring  pressures  were  rated  at 
1000  Hz. 

15.  All  force  and  pressure-time  histories  were  synchronized  and 
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wei’e  recorded  graphically  on  a commercial  recorder.  The  sensing  elements 
(mechanical-to-electr ical  conversion  devices)  located  at  various  points 
on  the  model  were  connected  by  shielded  cables  to  amplifiers  where  the 
outputs  were  stepped  up  to  the  level  required  for  f'raphical  recording. 

Scale  Relations 

l6.  The  accepted  equations  of  iiydraulic  similitude,  based  on 
Freudian  relations,  were  used  to  expi’ess  mathematical  relations  between 
the  dimensions  and  the  hydraulic  quantities  of  the  model  and  Tr'totype. 
General  relations  for  transfer  of  model  data  to  rrjtotyi^e  equivalents 


are  as  follows ; 

Characteristic 

Dimension* 

Model 

: Prototype 

Length 

L 

= I:l6 

Area 

"r 

= 1:256 

Time 

m 

"r 

= l:l4 

Discharge 

r5/2 

^R 

= 1:102^4 

Weight 

-3 

■■B 

^R 

= l:l096 

Force 

V 

^ R 

= 1:4096 

* Dimensions  are  in  terms  of  length. 

Model  measurements  of  discharge,  time,  weight,  and  force  can  be  trans- 
ferred quantitatively  to  prototype  equivalents  by  means  of  the  preceding 
scale  relations. 
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PART  III:  TESTS  AND  RESULTS 

IT-  The  behavior  of  penstock  intake  gates  with  various  back-of- 
gate  orifice  widths  during  watering-up  operations  was  studied  in  the 
model.  All  of  the  tests  were  conducted  with  the  Big  Bend  scroll  case 
configuration  shown  in  Plate  1.  Tests  were  conducted  with  the  following 
back-of-gate  orifice  widths:  6.625  in.,  Plate  3 (Stockton  Dam)  which 

would  also  be  applicable  to  Harry  S.  Truman  Dam;  8.6875  in.,  Plate  1 
(Big  Bend  Dam);  12  in.,  Plate  U arbitrarily  chosen;  and  71.63  in., 

Plate  5 (Clarence  Cannon  Dam).  Data  were  obtained  for  a wide  range  of 
hydraulic  conditions  for  possible  use  at  other  power  plants.  Tests 
included  determination  of  gate  catapult  heights,  uplift  forces  on  the 
gate,  discharge  coefficients,  and  pressures  throughout  the  model.  Re- 
sults pertinent  to  these  tests  are  discussed  below. 

Catapult  Tests 

18.  Catapult  tests  were  conducted  to  determine  the  safe  range  of 
gate  openings  during  watering-up  operations  for  Big  Bend  and  Stockton 
back-of-gate  configurations.  Each  test  began  with  the  desired  head, 
predetermined  gate  opening,  tailwater  elevation,  and  a steady  flow 
beneath  the  test  gate  and  through  the  wicket  gate  (Figure  6).  The 
wicket  gate  was  quickly  closed  (l  sec,  model)  to  fill  the  scroll  case 
area  downstream  of  the  intake  gate.  The  intake  gate  was  subjected  to 
an  uplift  force  after  the  scroll  case  filled  and  flow  began  to  pass 
through  the  three  back-of-gate  orifices.  All  catapult  tests  were  con- 
ducted with  the  test  gate  in  the  left  bay  (looking  downstream)  and  dummy 
gates  in  the  middle  and  right  gate  bays.  These  tests  did  not  take  into 
account  the  unknown  effects  of  cable  stretch  or  the  variable  seal  fric- 
tion, since  they  could  not  be  accurately  reproduced  in  the  model. 

19.  The  gate  roller  friction  was  measured  outside  the  model  on  a 
horizontal  piece  of  plastic  similar  to  the  model  bearing  plate  material. 
The  friction  force  varied  from  lU  to  15-5  kips  (prototype)  when  the 
gate  was  loaded  to  simulate  the  force  caused  by  the  head  due  to  the 
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Fi^^ui-e  6.  General  view  of  flow  conditions  in  Bip  Bend 
Dam  powerhouse,  gate  opening  = 3.0  ft,  100- ft  head 


Bir.  Bund  pool.  This  whs  considei'ably  more  than  the  computed  friction 
in  the  pi'ototype  (5  kips). 

20.  Durinp:  catapult  tests  uplift  forces  could  not  be  measured  with 
the  cable  connection,  but  the  heif^hts  of  catapult  were  measured  for  each 
test.  Identical  tests  would  not  reproduce  identical  catapult  heights, 
althougii  close  comparisons  were  observed  in  most  tests.  The  height  of 
catapult  was  considered  less  significant  than  the  initial  conditions 
required  for  catapult. 

21.  The  weight  of  the  intake  gate  was  varied  and  subjected  to 
different  heads  to  determine  what  effect  the  change  in  weight  had  on 
the  height  of  catapult.  Tests  were  conducted  with  the  Big  Bend  back-of- 
gate  orifice  using  gates  weighing  110,  137,  and  150  kips  (prototype) 
that  were  subjected  to  initial  heads  of  96,  120,  and  lUO  ft.  Additional 
tests  were  conducted  with  Stockton  conditions  using  a gate  weighing 

131  kips  (prototype)  that  was  subjected  to  initial  heads  of  100,  120, 
and  lUO  ft.  The  results  of  these  tests  indicate  that  no  catapult 
problems  should  occur  if  the  intake  gate  is  opened  1 ft  or  less  for 
these  conditions.  These  data  are  shown  in  Plates  6-9  and  in  Tables  1 
and  2. 

22.  Other  catapult  tests  were  conducted  using  the  Clarence  Cannon 
back-of-gate  orifice  design  with  the  Big  Bend  scroll  case  configuration 
and  bay  arrangement  (Figure  7).  The  results  of  these  tests  using  a gate 
weighing  131  kips  (prototype)  that  was  subjected  to  heads  up  to  120  ft 
indicated  the  intake',  gate  will  not  catapult  for  gate  openings  of  5 ft 

or  less.  The  considerable  difference  in  results  of  the  Clarence  Cannon 
catapult  tests  when  compared  with  the  previous  Big  Bend  and  Stockton  Dam 
catapult  tests  was  due  to  the  radically  different  back-of-gate  orifice 
design. 


Total  Uplift  Forces 

23.  Tests  were  conducted  to  determine  the  uplift  forces  acting  on 
the  intake  gate  during  watering-up  operations.  The  uplift  force  re- 
corded includes  the  effect  of  gate  submergence  and  the  uplift  force 
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Firux'e  7.  i^eneral  view  of  flow  conditiono  witii 
Clarence  Cannon  Lack-of-rate  orifice  desirn. 
Cate  opening  = 3-0  ft,  100- ft  iicad 
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required  to  overcome  the  downward  force  on  the  gate  caused  by  leakage 
over  the  top  and  around  the  sides  of  the  gate  (Figure  6).  This  force  is 
referred  to  as  the  total  uplift  force  and  was  measured  from  the  strip 
chart  as  shown  in  Plate  10. 

2h . The  total  uplift  force  data  that  are  plotted  from  the  rigid 
connection  tests  were  obtained  at  the  time  the  maximum  uplift  force 
occurred.  The  duration  of  these  forces  was  dependent  on  the  initial 
head  and  gate  opening.  The  actual  head  on  the  gate  at  the  time  of  maxi- 
mum uplift  varied  somewhat  from  the  initial  head  set  before  each  test 
and  was  recorded  for  use  in  analysis  of  data.  For  all  rigid  connection 
tests  the  weight  of  the  intake  gate  was  131  kips  (prototype). 

25.  Uplift  forces  were  measured  using  back-of-gate  orifice  widths 
of  6.625,  8.6875,  12,  and  71-63  in.  The  majority  of  the  uplift  forces 
were  obtained  with  the  test  gate  in  the  left  bay  (looking  downstream) 
and  dummy  gates  in  the  middle  and  right  gate  bays.  The  same  testing 
procedure  used  in  the  catapult  tests  was  followed  for  the  rigid  con- 
nection tests  with  various  gate  openings  subjected  to  80-,  100- , and 
120-ft  initial  heads. 

Left  bay 

26.  Test  results  with  the  test  gate  in  the  left  bay  for  the  6.625-, 
8.6875-,  and  12-in.  back-of-gate  orifice  widths  indicate  that  uplift 
forces  increase  with  gate  opening  and  head;  however,  they  decrease  with 
increased  back-of-gate  orifice  widths.  These  data  are  compared  in 
Plates  11-13 . Uplift  forces  and  pressures  measured  during  these  tests 
are  shown  in  Tables  3-5- 

27.  Different  results,  however,  were  indicated  with  the  Clarence 
Cannon  back-of-gate  orifice  design  (71.63-in.  width)  for  the  same  test 
conditions.  The  results  indicate  that  the  uplift  forces  with  small  gate 
openings  decrease  with  an  increase  in  head  (Plate  II4  and  Table  6). 
Apparently  the  physical  configuration  allowed  a greater  downward  force 
to  act  on  the  intake  gate.  Uplift  forces  were  also  obtained  for  various 
gate  openings  subjected  to  a 50-ft  initial  prototype  head.  The  results 
show  that  the  uplift  forces  were  approximately  the  same  throughout  the 
range  of  gate  openings  tested  (Plate  1^,  Table  6).  Generally,  all 
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uplift  forces  with  the  Clarence  Cannon  desif^n  for  {'ate  openin{',s  below 
5.0  ft  were  relatively  low  compared  to  the  dry  wei{'ht  of  intake  {^ates . 
Right  bay 


28.  Uplift  foi'ces  were  measured  with  the  test  gate  in  the  right 
bay  (looking  downsti-eam)  with  Stockton  conditions  reproduced  to  deter- 
mine what  effect  this  would  have  on  these  forces.  Dumm.y  {^ates  were 
positioned  in  the  left  and  middle  bays.  The  uplift  forces  were  obtained 
using  various  gate  openings  subjected  to  100-  and  120-ft  initial  heads 
and  are  presented  in  Table  7.  Comparisons  of  uplift  forces  for  Stockton 
conditions  measured  with  flow  entering  the  scroll  case  through  the  right 
bay  relative  to  the  left  bay  (looking  downstream)  indicate  that  the  up- 
lift forces  are  less  when  the  right  intake  gate  is  used  for  watering-up. 
This  reduction  in  uplift  forces  was  attributed  to  the  scroll  case  con- 
figuration, pier  alignment,  anf  ocation  of  the  wicket  gates  in  relation 
to  the  right  bay  (Plate  l).  These  data,  presented  in  Plates  15  and  16, 
also  indicate  that  no  catapult  problems  should  occur  if  the  gate  is 
opened  1 ft  or  less. 

Middle  bay 

29.  Additional  tests  were  conducted  to  determine  the  uplift  forces 
acting  on  the  middle  intake  gate  during  watering-up  operations  with  Big 
Bend  conditions  reproduced.  The  uplift  forces  were  obtained  with  various 
gate  openings  subjected  to  80-,  100-,  and  120-ft  initial  heads  and  are 
provided  in  Table  8.  Compiarisons  of  the  total  uplift  forces  for  Big 
Bend  conditions  measured  with  flow  entering  the  scroll  case  through  the 
center  bay  relative  to  the  left  bay  (looking  downstream)  are  shown  in 
Plates  17-19-  These  data  indicate  no  significant  difference  in  uplift 
forces  with  the  flow  entering  either  one  of  these  bays. 

30.  Tests  were  conduct. ed  to  determine  the  effect  on  uplift  forces 
with  one,  two,  and  three  back-of-gate  orifices  open  with  the  same  test 
conditions.  The  tests  were  conducted  using  Big  Bend  conditions  with 
the  test  gate  in  the  middle  bay  and  dummy  {'ates  in  the  left  and  right 
bays.  The  uplift  forces  were  measured  for  various  gate  openings  subject 
to  an  80-ft  initial  head.  Tlie  uplift  forces  were  obtained  with  all 
three  back-of-gate  orifices  opened,  the  ri{';ht  gate  slot  sealed,  the  left 
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pate  slot  sealed,  and  both  left  and  right  gate  slots  sealed.  The  results 
show  that  the  uplift  forces  are  less  when  the  right  slot  is  sealed  coit!- 
pared  with  the  left  slot  being  sealed.  This  is  attributed  to  the  posi- 
tion of  the  right  bay  in  relation  to  the  powerhouse  geometry.  Plots  of 
these  data  are  shown  in  Plate  20,  and  the  data  are  listed  in  Table  9- 
Effect  of  skin  plate 

31.  The  intake  gate  was  tested  with  a skin  plate  on  the  downstream 
side  throughout  its  entire  length  using  Stockton's  back-of-gate  orifice 
width.  Uplift  forces  were  measui'ed  with  the  test  gate  in  the  left  bay 
and  dummy  gates  in  the  middle  and  right  bays.  The  forces  were  obtained 
for  various  gate  openings  subject  to  initial  heads  of  100  and  120  ft. 
Results  of  these  tests  indicated  that  the  skin  plate  had  little  effect 
on  the  uplift  forces  acting  on  the  intake  gate.  These  data  and  data 
obtained  without  a skin  plate  are  compared  in  Plates  21  and  22,  and  are 
listed  in  Table  10. 

Effect  of  penstock  length 

32.  Other  tests  were  conducted  with  Big  Bend  conditions  to  deter- 
.mine  the  effect  of  the  penstock  length  upstream  from  the  service  gate  on 
the  total  uplift  forces.  The  penstock  length  was  increased  from  2h 
(previous  tests)  to  120  ft  as  shown  in  Plate  23.  Uplift  forces  were 
obtained  with  various  gate  openings  subjected  to  initial  heads  of  80, 

100,  and  120  ft.  The  test  gate  was  placed  in  the  left  bay  with  dummy 
•gates  in  the  other  two  bays.  Comparisons  of  data  with  the  two  lengths 
are  ctiown  in  Plates  2l-t-26  and  Table  11.  No  significant  difference  in 
the  magnitude  and  duration  of  the  uplift  forces  resulted  with  the  dif- 
ferent lengths  of  penstock.  This  was  probably  due  to  the  penstock 
extension  having  little  effect  on  the  upstream  flow  pattern. 

Discharge  Coefficients 

33.  Tests  were  conducted  to  determine  the  separate  discharge 
coefficients  for  flows  beneath  the  intake  gate  (gate-lip  orifice)  and 
through  the  back-of-gate  orifice.  These  tests  were  conducted  with  flow 
under  the  test  gate  in  the  left  bay  (looking  downstream)  and  up  through 
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the  back-of-gate  orifice.  A schematic  d>'awin(>;  of  the  test  conditions 
is  shown  in  Plate  27. 

For  each  test,  the  water  surface  in  the  right  and  middle  gate 
slots  was  allowed  to  reach  equilibrium  so  that  all  of  the  flow  passing 
underneath  the  gate  was  forced  through  the  back-of-gate  orifice  in  the 
left  bay  and  then  transferred  to  a box  with  a V-notch  weir  for  measuring, 
purposes.  The  equations  used  to  compute  the  coefficients  are 


Q. 


S = 


/2g  X i X ± 


C = 


/2g  X a X D 


where 

= back-of-gate  orifice  discharge  coefficient 
= flow  through  back-of-gate  orifice 
g = acceleration  due  to  gravity 

= head  differential  between  gate  well  1 and  gate  wells  2 and  3 
= width  of  gate  bay 
d = depth  of  back-of-gate  orifice 
C = gate-lip  orifice  discharge  coefficient 
Q = flow  through  gate-lip  orifice 

Q = 

= head  differential  between  pool  and  gate  wells  2 and  3 
D = height  of  gate-lip  orifice  or  gate  openings 

Each  gate  opening  was  tested  with  a minimum  of  three  heads  varying  from 
75  to  150  ft  above  the  intake  gate  invert.  A plot  of  the  coefficients 
for  various  gate  openings  is  shown  in  Plate  28. 
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.^5.  The  coefficients  for  the  back-of-gate  orifice  ranged  from 
about  0.90  to  1.0  for  the  Stockton,  big  Bend,  and  12-in.  orifices.  This 
was  considerably  iiigher  than  had  been  anticipated  (0.25  to  0.60).  How- 
ever, tiiis  coefficient  is  a submerged  orifice  coefficient  and  does  not 
include  other  uplift  factors  such  as  drag.  In  tiie  determination  of  the 
Clarence  Cannon  back-of-gate  orifice  coefficient,  two  orifice  widths 
and  were  used  (Plate  29).  The  dimension  was  used  as  the 

oi’ifice  widtti  until  became  less  than  , then  was  used.  he 

dimension  varied  with  each  gate  opening.  This  shift  in  control  is 

indicated  by  the  discontinuity  in  the  curve  shown  in  Plate  30.  The 
results  Indicate  the  discharge  coefficient  varies  from  0.60  to  0.80. 

36.  The  discharge  coefficients  for  the  gate-lip  orifice  ranged 
between  0.62  and  0.65  for  all  conditions  tested.  Varying  the  head  had 
little  effect  on  the  discharge  coefficients  for  either  the  back-of-gate 
orifice  or  the  gate-lip  orifice. 


Pressures 


37-  Pressures  were  obtained  at  various  locations  throughout  the 
model  during,  all  rigid  connection  tests  in  an  effort  to  determine  what 
factors  contributed  to  the  intake  gate  catapulting.  Pressures  were 
measured  in  the  scroll  case  area,  underneath  the  intake  gate,  on  the 
upstream  side  of  the  intake  gate,  in  the  penstock,  and  in  the  standpipe 
(to  measure  the  head  pool)  during  watering-up  operations.  The  locations 
where  these  pressures  were  measured  are  shown  in  Plate  31-  Pressures 
measured  during  various  tests  are  shown  in  Tables  3-6. 

38.  Theoretically,  the  uplift  forces  measured  in  previous  tests 
should  be  equal  to  the  pressure  acting  under  the  gate  multiplied  by  the 
projected  area  of  the  intake  gate  (thickness  x width).  This  was  not  the 
case  with  pressures  recorded  from  model  tests,  and  the  reason  for  the 
difference  was  not  readily  apparent. 

39-  Pressure  fluctuations  occurred  in  the  scroll  case  during 
watering-up  but  were  quickly  dampened  as  the  flow  passed  through  the 
back-of-gate  orifice.  These  fluctuations  did  not  appear  to  have  the 
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oharucteristics  of  a water  hanmier-ty^ie  shock  wave.  Pressures  also  were 
measured  in  the  penstock  area  and  on  the  upstream  side  of’  the  intake 
pate  and  were  found  to  bo  approximately  equal  to  the  reservoir  head 
(Plate  32).  Tiie  turbulent  flow  around  the  bottom  of  ttie  intake  pate  and 
in  tlie  scroll  case  pr-evented  the  determination  of  tiow  much  the  flow 
under  tiie  pate  lowers  the  pressure  on  tJie  bottom  side  of  the  intake  pate. 

Uo.  Pressure-time  histories  wer-e  analyzed  in  an  attempt  to  pener- 
alize  the  existing  data  to  establisii  design  criteria  for  other  power- 
house watering-up  operations.  However,  these  efforts  were  unsuccessful. 
Major  factors  causing  the  gate  to  catapult  other  than  the  shift  in  flow 
control  from  under  the  gate  to  the  back  of  the  gate  were  not  isolated; 
tiierefore,  the  test  results  appear  to  be  valid  only  fo:;j_  the  conditions 
tested  and  applicable  to  installations  with  similar  structural  geometry 
and  reservoir  heads. 
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PART  IV;  DinCUSniON  AND  CONCLUIUONG 


1)1.  Tes^tr.  wore  conducted  to  determine  the  range  of  gate  openin/io 
and  hydraulic  condition;;  at  which  the  service  gates  at  Big  Bend,  Stock- 
ton,  and  Clarence  Cannon  powerhouses  can  be  used  far  watering-up  the 
scroll  case  area.  The  test  data  should  also  be  applicable  to  Harry  S. 
Truman  powerhouse.  Measurements  of  gate  catapult  heights,  uplift  forces, 
discharge  coefficients,  and  pressures  throughout  the  system  were  made 
for  various  g;ate  o{)enings  and  pool  elevations. 

1)2.  Althougii  the  model  gate  was  suspended  from  a wire  cable,  cable 
stretch  and  tension  were  not  simulated.  Also,  roller  bearing  and  seal 
friction  were  somewhat  greater  in  the  model  tiian  in  the  prototype.  Thus, 
some  caution  chould  be  used  in  application  of  the  data  to  prototype 
simulations.  For  example,  if  any  movement  of  the  gate,  however  small, 
occurred  in  the  model,  it  should  be  assumed  that  the  prototype  gate  will 
catapult;  opei'ation  with  these  conditions  should  be  avoided. 

1)3.  The  discharge  coefficients  that  were  measured  for  flow  under- 
neath the  gate  were  about  as  expected.-  However,  the  discharge  coef- 
ficients for  the  back-oi'-gate  orifices  were  considerably  higher  than  had 
been  expect'/d.  The  baok-of-gate  orifice  is  actually  a submerged,  verti- 
cal short  tube.  Tiier'-  is  not  a plentiful  supply  of  data  concerning 
discharge  coefficient.-  for  a vertical  orifice,  but  the  limited  amount 
of  information  that  is  -ivailable  indicates  that  the  coefficients  deter- 
mined in  this  study  arc  not  unreasonable. 

1)1).  The  pressures  measured  at  various  locations  in  the  penstock, 
on  the  gate,  and  in  the  scroll  case  area  were  not  indicative  of  a blow 
due  to  water  hammer,  although  there  was  a pronounced  change  in  pressures 
at  the  time  when  the  scroll  case  became  full  and  flow  started  up  the 
gate  slot.  The  pressures  measured  underneath  the  gate  on  the  bottom 
structural  member  could  not  be  directly  related  to  the  uplift  force. 

1)5.  Attempts  were  made  to  generalize  the  data  so  that  an  upli-^t 
force  could  be  computed  when  the  head,  gate  opening,  and  orifice  width 
are  known.  However,  these  attempts  were  not  successful.  Even  if  this 
could  have  been  accomplished,  it  is  doubtful  that  the  information  could 
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be  used  Ht  irisLullations  wh 're  the  scroll  ease  configuration  is  different 
from  the  one  tested,  especially  if  the  he-ids  are  out  ■ f the  ran.'e  teste  1. 
The  basic  data  are  furni.died  in  tabular  form. 

I46.  Althouf’h  the  data  could  not  be  .'lene  rail  zed  for  spsecific  desi.^n 
criteria,  several  conclusions  were  drawn  from  the  tests.  These  con- 
clusions can  be  used  as  (guidance  for  desifpn  of  intake  pates: 

If  the  combined  back-of-pate  orifice  ar>.-a  is  !*reater  than 
the  area  of  the  pate  openinp,  the  pate  wili.  .not  catapult. 

Placinp  a skin  plate  on  the  sack  '*f  the  ■•a*e  Las  little 
effect  on  uplift  forces. 

c_.  Tile  lenpth  of  the  approach  penstock,  within  tin-  limits 
tested,  iias  no  effect  on  uplift  forces. 

d.  The  conf ipuration  of  tne  area  do'wnstrv’UTi  from  the  .-ate  iias 
an  effect  on  the  uplift  forc»-.  k'hen  the  cate  rier.:  and 
wicKet  pate  restrict  f i jw  tjiere  is  uess  tenie.ncy  for  cata- 
pult. Ti.uc , tne  intake  cate  with  the  .-ireatest  cestricti-ns 
should  be  usee  fer  waterinc- ip.  it  is  nos.- i'r.le  tint  a 
loin:  dowTistream  penstock  w.ulJ  cause  creater  uplift  forces, 
but  this  was  not  prove  1 i:i  t .nis  study. 

e.  A tack-of- -ate  orifice  • mf-;  -uration  liite  Tiat  lesicnel  fer 

Clarence  .ta.unon  power.u tuc-.-  i ler.e-’;  .pjp  i-  relucir.c 

tipli  ft  fences  w‘*h  vail  'a'’  :e;..ra-.:  r-  • ruir-.- : f r 

waterinc-up . 

1*7.  Because  of  tne  intere.'*  in  tic-  .-atat  u.  * i:..-  : ne:.  .mer.t'n  : '.‘le 
.need  for  frequent  uemonstraticn  'r  visit.:,  •u.cc.aeer  ■ . ~w-  ±:.  -scale 

.models  (Figure  8)  were  constructeu  *0  apir'ximate  a *ypicai  il-in.-w.ue 
back-of-gate  orifice  deslcn  that  could  catarul*  an;  t.te  ,\cir'?::ce  a’an.n  :r. 
back-of-gate  orifice  design  tiiat  would  net  cat  ipuj-t . it  was  founu  that 
these  rather  simple  and  small  models  demonstrated  the  phenomenon  satis- 
factorily and  indicated  that  relatively  simp'le  and  small  models  could 
be  used  in  future  investigations  of  either  e.xistisig  or  proposed  power 
intake  gates.  Obviously  sufficient  detail  should  be  reproduced.  T!ie 
subject  study  demonstrated  tne  cap'ability  of  physical  models  to  investi- 
gate and  define  acceptable  and  unacceptable  designs  and  operations 
relative  to  ''waterin;'-up"  procedures  with  power  intake  gates. 
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■Jate  Opening 
ft 


Catapult  Heights,  ft,  at 
Initial  Heads  of 


ft 

96  ft 

120  ft 

1^*0  ft 

Gate 

110,000  lb. 

Dry  V/eight 

0.5 

0 

0 

0 

1.0 

0 

0.10 

0 

1.5 

0 

-- 

0 

2.0 

0.10 

0.20 

0.20 

2.5 

0.30 

-- 

0.80 

3.0 

O.UO 

10 

26 

U.O 

10.0 

UU.8 

i+U.8 

5.0 

32.0 

-- 

-- 

Gate 

137,000  lb. 

'Dry  b’eiglit 

0.5 

0 

0 

0 

1.0 

0 

0 

0 

1.5 

0 

0 

0 

2.0 

0 

0 

0 

2.5 

0.10 

0.10 

0.20 

3.0 

0.20 

0.20 

15.0 

3.5 

0.50 

3.2 

— 

U.O 

o.6o 

— 

30.0 

Gate 

150,000  lb. 

Dry  V;eig}it 

0.5 

0 

0 

0 

1.0 

0 

0 

0 

1.5 

0 

0 

0 

2.0 

0 

0 

0 

2.5 

0.05 

0.10 

0.20 

3.0 

0.10 

0.20 

0.30 

3.5 

0.20 

0.30 

0.80 

h-.o 

0.30 

0.80 

12.0 

^.5 

0.30 

*- 

-- 

5.0 

o.Uo 

11.2 

30. U 

Tible 

Catapult  Hei^bats,  Stockton  Conditioris 
6. 625- i a.  3ack-of-Gate  Orifice 


1 


Catapult 

Heights , 

ft,  at 

Gate  Opening 

Initial  Heads 

of 

ft 

100  ft 

120  ft 

140  ft 

0.5 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

1.5 

0.0 

0.0 

0.08 

1.5 

0.0 

0.0 

-- 

2.0 

0.0 

0.08 

0.16 

2.0 

0.0 

0.08 

-- 

2.5 

O.lo 

0.64 

11.2 

2.5 

O.lo 

0.4B 

— 

3.0 

0.32 

8.8 

l4.4 

3.0 

O.Otu 

'•‘.6 

-- 

3.5 

11.2 

10.72 



3.5 

8.0 

10.40 

-- 

h.O 

12.00 

11.20 

- - 

4.0 

12.48 

11.20 

-- 

I 


Feet  of  Water 


iate 

‘.'persiiiit 

ft 

Maximum  ’^111*1 
Fir*e.  sips 

Heal  Pool 

PresS'iTe  on 
Left  iiay  Invert 

Pressure  on 
Of 

H-.Toll  Case 
Press'ure  Just 
before  Maximum 
:8pli;’t 

Lcrvll  Case 
Pres6..re  at 

60-ft  Initial 

Head 

0.‘ 

3^.‘* 

61.7 

38.0 

3‘-.4 

: 4.4 

0.*^ 

43.0 

82.4 

30.7 

38.1 

2b.  1 

31.- 

1.0 

62.4 

46.0 

41.4 

32.1 

3-.1 

1.0 

87.2 

82.4 

46 .6 

3».b 

32.9 

y.A 

1.^ 

110. t. 

63.2 

54.4 

47.3 

42.6 

UO.f, 

82.4 

55.2 

1.7.3 

44 .6 

43.^ 

2.0 

Ilf-.  ’ 

83.2 

58.0 

48.7 

52.2 

4--. 

2.0 

113.0 

64 ,6 

58,6 

48,7 

56.2 

2.‘ 

135.2 

67.3 

57.4 

tx. . ■/ 

2.‘. 

84.6 

63.6 

51.9 

65.9 

3.  > 

l^'.S 

83..< 

65.9 

57.8 

60.7 

62.3 

3.0 

12*>.0 

65.7 

6b.  1 

57.8 

t>J.7 

59.9 

3.* 

145.0 

65.7 

70,9 

60.2 

62.3 

06.3 

3.5 

143.7 

84.6 

66.1 

52.9 

62.3 

‘1. 

U.-'' 

I5'i.  t' 

65.7 

68. b 

55.2 

72. u 

^.0 

143.6 

86,5 

70.9 

55.2 

63.9 

53.0 

lb2.2 

8‘.7 

74.5 

60.5 

63.“ 

54. L 

U.5 

1‘2.4 

64.6 

64.5 

50.3 

70.3 

38.1 

5.0 

202.3 

66.0 

79.5 

65.3 

72.8 

51.8 

5.0 

220.0 

90.5 

80.2 

66.2 

6o.e 

‘^1.4 

10<Vf»  Initial 

Head 

0.5 

44.2 

103.8 

42.6 

38.1 

24.0 

26.1 

0.5 

43.0 

101.6 

40.4 

37.2 

27.3 

2t.l 

1.0 

64.7 

103.1 

52.2 

42.2 

32.5 

4... 

1.0 

65.9 

103.8 

52.2 

43.1 

40.2 

3b. 3 

1.5 

119.3 

102.1* 

63.2 

1*9.1 

44.6 

45.4 

1.‘^ 

ne.<> 

103.8 

65.4 

50.0 

39.8 

4b*. c 

123. *j 

103.1 

70.6 

54,1 

54.2 

48.6 

2.0 

131.2 

102.4 

73.5 

57.8 

57.9 

‘■3." 

2.~' 

133.  i. 

102.4 

75.7 

58.3 

n-.3 

55.8 

2.‘ 

13b. 0 

105.7 

80.1 

59.2 

55.'' 

52.6 

3.  ' 

103.8 

81.6 

66.0 

63.: 

6.  ,7 

3.0 

11.5.6 

103.8 

80.8 

58.8 

->.3 

4‘i.O 

3.‘ 

174.2 

109.8 

91 .9 

■77. V 

o*..t 

3.- 

lb6.1 

105.0 

88.9 

72.9 

.’3.2 

U..) 

130.1 

105.0 

91.9 

76.1 

60.  . 

:t.4 

u.o 

I6O.2 

lCKi.6 

94.1 

77.“ 

77.2 

74.4 

U.s 

247.0 

110.5 

95.5 

73.“ 

68.3 

50.i: 

4,c. 

250.C 

106.4 

*>6.3 

75.7 

67.9 

5.0 

232.7 

111.6 

102.9 

74.4 

70.3 

5.0 

»e.3 

109.8 

99.2 

77.1 

72.1* 

tl.l 

120- ft  Initial 

Head 

0.5 

3'*.  7 

i:?o.r 

47.5 

38.4 

33.1 

33.1 

0.5 

39.7 

120.7 

47.5 

38.4 

33.6 

33.6 

1.0 

btj.7 

iao.8 

56.9 

1*0.7 

36.6 

40.4 

1,0 

93.0 

121.6 

60.5 

46.5 

U*-.! 

42.6 

llu.l* 

121.6 

72.0 

51.0 

46.8 

4t . ) 

1.5 

llB.o 

121.9 

72,0 

51.9 

55.8 

53.3 

2.0 

143.3 

123.0 

86.4 

62.2 

s4.C 

62.7 

2.0 

132.5 

123.8 

81.4 

56.0 

61.0 

'>6.7 

2.5 

142.1 

123.0 

93.6 

67.2 

70.0 

t3.6 

2.5 

154.1 

U’3.8 

92.9 

66.3 

65.7 

61, c 

3.0 

2i».6 

110,7 

97,2 

72.2 

84.5 

75.5 

3.0 

224.0 

120.8 

“5.8 

Tl.  ^ 

77.3 

6 ,'.4 

3.5 

210.7 

124.5 

1 )f/.6 

78.0 

78.5 

73.8 

3.5 

251.7 

124.5 

1>.)4.4 

80.7 

i 

79,4 

J*.o 

231..  8 

130.4 

114.5 

“2,8 

H7.I 

'^4.  • 

4.0 

252.“ 

IPT.S 

113.8 

“>1.2 

«^4.  . 

.*•8.8 

4.5 

?o8.b 

12*».3 

115.2 

83.' 

•'1 . 

t . 4 

4.5 

128.6 

110.2 

HI.  7 

— 

62.3 

5.0 

2^1.8 

132.6 

115.2 

“I,:- 

92.7 

'1.9 

5.0 

2<»..2 

126.4 

115.2 

bt.7 

‘<6.7 

'<1.4 

Table  ‘ 


U^li 

ft  borccu  ?ir.i  I rej.mrej , 1.  ■ 

-ili.  ha.-K-o!’- 

lute  Orific" 

hirii  i.’oririecbjon 

Feet  of  Water 

Scroll  Case 

late 

Pressure  on 

Press'ure  Just 

Scroll  Case 

Openi nr 

; Maxirr.iJr.  ''plift 

Press  4re  on 

bottom  of 

Before  !-1axim'ar. 

Pressure  at 

ft 

Force,  kips 

Head  Puol 

Left  Hay  Invert 

Jate 

■’plift 

.’•laxir-iuri  ’Jpli: 

do- ft  Initial 

Head 

1.0 

85.2 

78.1 

**7.9 

2'.0 

28.4 

1.0 

SI. 6 

79.2 

*♦6,5 

— 

27.0 

27.  - 

1.0 

82.2 

80.1 

**6.5 

— 

26.3 

26.6 

2.0 

113.2 

81.8 

66.0 

-- 

42.6 

42.9 

2.0 

100.1 

62.0 

68.7 

-- 

45.  S 

43.6 

2.0 

107.3 

81.0 

61.8 

— 

36.9 

39.9 

3.0 

ll6,8 

7^*.  2 

68.7 

— 

45.6 

40.8 

3.0 

121.0 

81.0 

66,0 

— 

44.0 

37.3 

3.0 

lll.l 

82.7 

69.1 

— 

1*3.3 

^.7 

u.o 

137.1 

82.7 

71.5 

-- 

50.7 

k.O 

127.5 

81.0 

70.8 

-- 

48.3 

94,  L 

u.o 

12‘-i,9 

82.7 

70.8 

— 

51.6 

37.3 

5.0 

117.8 

85.3 

76.  H 



54.6 

47. 9 

5.0 

153.8 

81.5 

76.1* 

— 

55.7 

41.5 

5.0 

l66.o 

85.3 

76.1* 

-* 

44.4 

35.1 

lOO-ft  Initial  Head 

1.0 

87.0 

101.0 

1*9.3 

28.4 

27.0 

1.0 

81.6 

100.0 

52.1 

31.2 

3;.  2 

1.0 

85.8 

101.0 

50.7 

" 

27.3 

31.6 

2.0 

110.8 

101.9 

68.0 

30, 

42.2 

2.0 

lie.o 

102.8 

69,  u 

-- 

44.4 

41.2 

2.0 

102.3 

66.6 

— 

36.6 

1*0.5 

3-0 

127.5 

102.8 

78.1* 



51.4 

46,1 

3.0 

111.2 

101.0 

76.4 

... 

49.7 

41.5 

3.0 

120.9 

103.6 

80.5 

— 

51.4 

49.7 

k.O 

162.1 

102.8 

83.3 

-- 

55.4 

51.4 

h.O 

I8I.8 

103.6 

88.7 

-- 

58.5 

55.7 

U.O 

172.8 

106.2 

84.7 

— 

54.6 

4o,6 

5.0 

219.3 

109.7 

94.4 

__ 

62.4 

42.9 

5.0 

180.0 

108.0 

88.9 



56.8 

4c.  1 

5.0 

185.9 

106.2 

91.6 

67.0 

60.7 

120- ft  Initial  Head 

1.0 

92.2 

121.6 

61.1 

56.2 

46.4 

42. '' 

1.0 

95.8 

122.3 

54.2 

48.0 

37.7 

3". 7 

1.0 

lOl.l 

122.3 

61.8 

57.6 

45.7 

44.6 

2.0 

127.8 

122.3 

76.4 

60.9 

U9.7 

45.7 

2.0 

131.5 

122.3 

77.8 

— 

52.2 

52.2 

2.0 

116.7 

I2I.7 

78.4 

— 

46.8 

46,6 

3.0 

II7.5 

126.2 

92.3 

__ 

52.2 

57.6 

3.0 

161.7 

125.2 

90.2 

-- 

63.0 

55.? 

3.0 

123.- 

90.2 

-- 

60.0 

53.6 

u.o 

1"5.1 

125.8 

103.4 

83.5 

70.3 

63. 

1.0 

l‘i6.6 

125.8 

102.8 

— 

78.8 

o4.5 

1.0 

I8I.3 

128.0 

97.9 

86.5 

74.3 

4'  . ■ 

5.0 

235.9 

125.2 

111.1 

— 

83.3 

72.5 

5.0 

235.9 

122.3 

107.6 

— 

63.3 

76..  4 

5.0 

213.3 

126.6 

111.1 

-- 

84.8 

77.2 

Note : 

All  pressures  are 

referenced 

to  the  left  hay 

invert  and  were  measured  at 

the  tir«  rAxir.i 

uplift  occurred. 
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Table  C 

Uplift  Foreea  and  Pressures,  Clarence  Camion  bam,  7l-63-ir.. 
Back-of-Oate  Orifice,  Rij'id  Conaectior,,  Left  bay 


Feet  of  Water 


Gate 

Opening 

ft 

Maximum 

Uplift 

Force 

kips 

Head 

Pool 

Pressure  on 
Left  Bay 
Invert 

Pressure  on 
Bottom  of 
Gate 

Scroll 

Case 

Pressure 
at  Maximum 
Upli.n 

50-ft  Initial  Head 

0.5 

30.7 

1*9.2 

1*3.0 

1*6.1 

26.8 

0.5 

26.0 

1*8.1* 

1*6. 5 

1*9.8 

31.1 

1.0 

60.2 

1*9.9 

38.9 

1*2.0 

23.2 

1.0 

63.1 

1*8. U 

1*1.0 

1*1*. 2 

26.8 

1.5 

59.0 

50.3 

1+2.1* 

1*5.3 

30.1 

1.5 

59.0 

1*9.2 

1*1.0 

1*3.6 

26.8 

2.0 

59.0 

1*9.2 

1*3.7 

1*3.8 

30.1 

2.0 

60.2 

1*9.2 

1*2.1* 

1*3.1 

30.1 

2.5 

59.0 

1*9.9 

1*3.7 

13.6 

31.1 

2.5 

60.2 

1*7.7 

1*1*. 1* 

13.6 

32.6 

3.0 

57.8 

U8.U 

1*5.8 

1*5.5 

31*. 7 

3.0 

63.7 

50.3 

1*6.5 

1*5.5 

3l*.0 

3.5 

59.0 

1*9.2 

1*8.5 

1*7.3 

36.9 

3.5 

59.0 

1*9.2 

1*7.1 

16.0 

37.6 

i*.0 

57.8 

1*8.1* 

1*7.1 

16.1 

31*. 7 

u.o 

53.1 

1*9.2 

U5.8 

1*5.1 

31.8 

l*.5 

60.2 

50.3 

1*7.8 

17.0 

37.6 

‘*.5 

50.7 

1*7.7 

1*7.8 

17.0 

36.9 

5.0 

6l.U 

1*9.2 

1*8.5 

16.8 

36.2 

5.0 

6l.U 

50.3 

50.6 

50.2 

I1.2 

5.5 

70.8 

51.0 

1*8.5 

16.6 

31.7 

5.5 

60.2 

1*9.2 

50.6 

1*9.3 

12.6 

6.0 

70.8 

1*9.2 

51.9 

51.9 

11.9 

6.0 

67.3 

1*9.2 

1*8.5 

17.8 

37.6 

6.5 

73.2 

50.3 

52.6 

52.1 

11.2 

6.5 

63.7 

50.3 

51.2 

51.7 

11.2 

7.0 

55.5 

1*8.1* 

51.2 

50.2 

11.2 

7.0 

55.5 

1*9.2 

51.2 

50.2 

11.2 

80-ft  Initial  Head 

0.5 

i*7.7 

80.0 

1*2.0 

38.9 

1*1.7 

0.5 

U8.9 

80.3 

1*9.9 

17.1 

19.5 

0.5 

1*2.2 

81.1 

1*2.6 

36.0 

10.0 

0.5 

1*2.2 

80.0 

1*3.3 

36.1 

10. 0 

0.5 

1*1.0 

81.8 

1*3.3 

36.6 

1*1.5 

1.0 

62.0 

80.3 

1*8.5 

12.2 

11.5 

1.0 

68.0 

80.3 

1*9.2 

13.6 

15.2 

(Continued ) 


Note:  All  pressures  are  referenced  to  the  left  bay  invert  and  were  measured  at  the 

time  maximum  uplift  force  occurred.  (Sheet  1 of  5) 
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Table  6 (Continued) 


Feet  of  Water 


Gate 

Opening 

ft 

Maximum 

Uplift 

Force 

kips 

Head 

Pool 

Pressure  on 
Left  Bay 
Invert 

Pressure  on 
Bottom  of 
Gate 

Scroll 

Case 

Pressure 
at  Maximum 
Uplift 

80-ft  Initial  Head  (Continued) 

1.0 

66.2 

81.8 

50.2 

40.6 

44.4 

1.0 

66.2 

81.1 

49.6 

39.9 

43.6 

1.0 

66.2 

80.3 

50.2 

40.6 

44.4 

1.0 

44.9 

82.1 

53.0 

45.5 

45.2 

1.0 

36.4 

81.6 

59.8 

46.2 

45.9 

1.5 

59.0 

81.8 

59.3 

45.3 

50.2 

1.5 

55.4 

81.4 

62.5 

48.8 

53.8 

1.5 

51.8 

81.8 

62.8 

50.2 

53.8 

1.5 

73.9 

80.3 

53.4 

44.5 

44.5 

1.5 

65 . 6 

80.7 

57.0 

48.4 

50.2 

2.0 

42.3 

82.1 

61.2 

45.1 

51.6 

2.0 

45.8 

82.1 

62.5 

48.6 

53.1 

2.0 

48.2 

82.9 

68.4 

52.8 

59.6 

2.0 

45.8 

81.8 

62.8 

45.1 

52.4 

2.0 

42.2 

81.8 

64.2 

47.2 

53.8 

2.5 

49.4 

82.2 

67.0 

47.0 

54.6 

2.5 

49.4 

83.3 

69.8 

51.2 

59.3 

2.5 

60.2 

82.9 

70.5 

52.6 

58.9 

2.5 

65.6 

80.3 

59.9 

45.8 

51.6 

2.5 

4T.T 

80.3 

63.4 

49.4 

52.4 

3.0 

65.6 

81.1 

70.6 

56.9 

59.5 

3.0 

56.0 

80.7 

64.9 

50.6 

54.5 

3.0 

66.2 

82.9 

68.4 

48.2 

53.1 

3.0 

61.4 

81.8 

68.4 

48.2 

53.8 

3.0 

55.4 

82.2 

71.9 

53.1 

58.2 

3.0 

69.4 

84.2 

68.0 

51.4 

58.0 

3.0 

63.5 

83.2 

68.6 

51.7 

60.9 

3.5 

57.2 

82.6 

71.3 

57.4 

60.2 

3.5 

63.2 

80.7 

66.3 

50.4 

56.6 

3.5 

71.1 

82.2 

69.8 

48.0 

55.3 

3.5 

72.2 

83.3 

76.1 

57.1 

59.6 

3.5 

72.2 

82.2 

71.2 

50.1 

53.1 

4.0 

63.2 

81.4 

69.8 

54.4 

58.4 

4.0 

63.2 

80.3 

68.4 

53.0 

58.0 

4.0 

65.0 

82.2 

71.2 

49.2 

56.7 

4.0 

66.2 

82.9 

70.5 

47.1 

56.0 

4.0 

65.0 

83.3 

71.9 

48.5 

58.9 

4.0 

74.1 

84.2 

74.7 

58.3 

63.8 

4.0 

69.4 

84.5 

68.6 

50.6 

58.8 

4.5 

62.6 

82.9 

78.2 

60.2 

67.6 

4.5 

73.4 

82.2 

76.4 

55.0 

59.6 

4.5 

55.4 

83.3 

76.8 

56.0 

61.8 

4.5 

66.8 

81. a 

74.8 

61.2 

64 . 5 

4.5 

68.0 

81.4 

69.1 

50.0 

53.8 

5.0 

85.8 

85.8 

80.9 

64.2 

73.0 

5.0 

81.1 

83.7 

73.4 

55.1 

65.2 

(Continued) 
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Table  6 (Continued) 


Feet  of  Water 


Gate 

Opening 

ft 

Max imum 
Uplift 
Force 
kips 

Head 

Pool 

Pressure  on 
Left  Bay 
Invert 

Pressure  on 
Bottom  of 
Gate 

Scroll 

Case 

Pressure 
at  Maximum 
Uplift 

80-ft  Initial  Head  (Continued) 

5.0 

72.2 

81). 1) 

8l.O 

62.1 

67.6 

5.0 

814.3 

85.1 

83.8 

65.6 

70.6 

5.0 

77.1 

81). 8 

87.1) 

62.1 

69.8 

5.0 

71.6 

82.9 

78.1) 

65.2 

71.6 

5.0 

77.5 

82.9 

78.1) 

65.2 

66.2 

5.5 

69.1) 

85.3 

71).  7 

55.6 

61). 5 

5.5 

72.9 

86.3 

81.5 

61). 7 

73.7 

6.0 

9l).o 

86.8 

87.6 

75.6 

79.8 

6.0 

80.0 

86.3 

81.5 

63.8 

69. 1) 

6.5 

95.2 

86.3 

81). 2 

69.9 

77.3 

6.5 

97.6 

86.8 

88.3 

76.2 

83.7 

7.0 

101.1 

86.3 

85.6 

66.9 

75.2 

7.0 

103.5 

86.8 

81). 2 

66.9 

76.6 

100- 

-ft  Initial  Head 

0.5 

50.6 

ini.O 

1)1.9 

35.8 

37.9 

0.5 

5l).2 

101.0 

1)1.9 

36.5 

1)0.7 

0.5 

1)8.2 

101.0 

1)1.2 

3l).l) 

39.3 

0.5 

62.6 

100.6 

1)9.1) 

36.0 

38.6 

0.5 

68.8 

100.3 

1)9.1) 

36.6 

39.3 

1.0 

3l).9 

102.1 

63.0 

1)9.0 

52.1) 

1.0 

28.2 

101.7 

53.7 

1)1). 1 

51.6 

1.0 

36.1 

101.0 

62.1 

50.8 

5l*.8 

1.0 

1)7.0 

101.0 

62.8 

51.9 

5l).8 

1.0 

39.7 

101.0 

57.9 

1)6.2 

50.9 

1.5 

1)1.0 

103.2 

75.2 

57.2 

61.8 

1.5 

26.5 

101.0 

66.3 

1)9.6 

55.5 

1.5 

21). 1 

101.1) 

61). 2 

1)8.8 

55.5 

1.5 

21). 1 

101.1) 

69. 

53.1 

58.3 

2.0 

30.1 

102.9 

77.5 

60.0 

61). 0 

2.0 

2l).l 

102.9 

7l).0 

52.9 

58.3 

2.0 

21).  1 

101.  u 

69.8 

1)7.9 

5l).8 

2.0 

38.5 

102.5 

73.8 

52.1 

58.9 

2.0 

29.1) 

101.3 

69.3 

1)9.3 

55.9 

2.5 

38.5 

102.9 

78.1 

52.1) 

61.1 

2.5 

36.1 

103.6 

77.5 

5l).l 

61)  .0 

2.5 

33.7 

98.8 

78.2 

56.9 

59.0 

2.5 

Ul).6 

102.9 

76.8 

53.1) 

62.6 

3.0 

1)1). 6 

103.6 

78.2 

53.5 

60. 1) 

3.0 

36.1 

102.1 

76. 1) 

1)8.9 

56.9 

3.0 

39.7 

101.8 

73.3 

1)5.1) 

5i).8 

3.0 

1)5.8 

103.9 

78.5 

51).  5 

63.0 

3.0 

57.6 

103.0 

78.1 

55.2 

65.2 

3.0 

1)8.2 

102.9 

78.8 

1)6.6 

56.0 
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Tatle  6 (Continued) 


Feet  of  Water 


Gate 

Opening 

ft 

Mctximum 

Uplift 

Force 

kips 

Head 

Pool 

Pressure  on 
Left  Bay 
Invert 

Pressure  or. 
Bottoir.  of 
Gate 

Scroll 
Case 
Pressu:e 
at  y.axim'jiii 
Uplift 

100-ft  Initial  Head  (Continued) 

3.5 

73.it 

102.9 

81.7 

53.6 

62.6 

3.5 

71.1 

106.9 

92.1* 

68.3 

71*. 2 

3.5 

5it.2 

103.6 

75.lt 

1*7.3 

56.2 

3.5 

1*2.2 

99.9 

76.1 

53.7 

58.3 

3.5 

50.6 

102.5 

78.2 

50.8 

59.0 

h.O 

66.2 

102.5 

80.3 

53.5 

62.6 

h.O 

72.2 

101.8 

80.3 

52.0 

61.8 

U.O 

65.0 

101.1* 

78.2 

1*9.2 

58.3 

1*.0 

70.5 

105.2 

89.0 

68.1 

73.0 

U.O 

69.lt 

108.2 

93.1 

71.6 

80.9 

h.O 

72.2 

102.9 

82.lt 

50.6 

58.9 

h.O 

69.8 

102.9 

85.2 

53.8 

61*. 7 

f*.5 

53.0 

10l*.7 

97.7 

78.1 

85.1 

it. 5 

60.2 

10l*.7 

90.7 

68.1 

79.5 

h.5 

66.2 

103.6 

81*. 1* 

56.1 

58.3 

it. 5 

75.9 

106.2 

92.1* 

66. 5 

71.3 

it. 5 

72.2 

10l*.7 

86.0 

57.1* 

61*. 7 

5.0 

81*. 3 

106.6 

96.7 

71.2 

81.5 

5.0 

87.9 

105.1 

97.1* 

76.0 

85.1 

5.0 

81*. 3 

103.6 

90.7 

65.1 

72,1* 

5.0 

75.9 

10U.7 

92.1 

67.2 

76.0 

5.0 

81.9 

i05.lt 

98.1* 

80.0 

88.6 

5.0 

81.1 

105.6 

89.7 

61i  .9 

73.0 

5.0 

76.lt 

103.9 

80.9 

52.3 

60.9 

5.5 

81*. 6 

106.9 

99.2 

75.8 

87.3 

5.5 

81*. 6 

10l*.3 

92.1* 

67.5 

76.6 

6.0 

107.0 

109.1* 

I0i*.6 

81.9 

88.7 

6.0 

91*. 0 

107.7 

96.5 

73.6 

85.8 

6.5 

111.7 

106.lt 

95.3 

72.0 

80.1 

6.5 

111.7 

108.2 

102.6 

79.6 

90.1 

7.0 

135.2 

lOU.T 

102.6 

85.7 

92.3 

7.0 

lUO.O 

108.6 

101.9 

81.5 

90.8 

120- 

-ft  Initial  Head 

0.5 

25.3 

120.2 

1*1*. 1* 

36.6 

1*3.6 

0.5 

1*2.2 

121.0 

1*1.2 

35.8 

39.3 

0.5 

1*1.0 

121.0 

1*1.9 

36.5 

1*9.2 

0.5 

36.1 

120.6 

1*1.9 

35.1 

39.3 

1.0 

28.9 

120.2 

60.0 

1*8.3 

52.7 

1.0 

18.1 

120.2 

55.8 

1*3.1* 

1*9.9 

1.0 

19.3 

120.6 

6U.2 

52.6 

58.3 

1.0 

1*7.0 

121.8 

60.5 

1*7.6 

60.9 

1.0 

1*1.2 

121.1* 

61.2 

1*9.7 

60.9 

(Continued) 
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Table  6 (Concluded) 


Feet  of  Water 


Gate 

Opening 

ft 

Maximum 

Uplift 

Force 

kips 

Head 

Pool 

Pressure  on 
Left  Bay 
Invert 

Pressure  on 
Bottom  of 
Gate 

Scroll 

Case 

Pressure 
at  Maximum 
Uplift 

120- ft  Initial  Head  (Continued) 

1.5 

21. T 

119.1 

83.0 

65.1 

68.9 

1.5 

10.8 

120.2 

76.8 

58.0 

6U.7 

1.5 

12.0 

119.5 

77.5 

59.5 

65. u 

2.0 

30.1 

121.0 

8U.U 

60.0 

65.  u 

2.0 

12.0 

120.6 

86 . 5 

63.5 

71.7 

2.0 

18.1 

119.8 

83.8 

58.6 

65. u 

2.0 

35.3 

121.  U 

77.5 

53.5 

68.0 

2.0 

35.3 

121.8 

78.8 

56.3 

68.7 

2.0 

19.2 

121.3 

78.8 

50.7 

58.9 

2.5 

36.1 

121.0 

8U.5 

5U.0 

59.6 

2.5 

38.5 

121.3 

85.2 

53.3 

53.8 

2.5 

25.3 

119.1 

78.2 

U6. 3 

51.3 

2.5 

37.3 

121.3 

87.9 

60.5 

65.5 

2.5 

33.7 

121.0 

87.9 

61.2 

68.2 

3.0 

2U.1 

119.5 

83.8 

50.3 

61.1 

3.0 

30.1 

120.2 

83.8 

51.0 

61.8 

3.0 

28.9 

122.1 

87.9 

58.1 

71.7 

3.0 

U7.0 

121.0 

8U.9 

56.6 

76.6 

3.0 

U7.0 

121.0 

8U.9 

56 . 6 

70.9 

3.0 

3U.9 

121.7 

86.7 

56.6 

63.3 

3.0 

33.7 

121.0 

86.0 

52. U 

66.2 

3.5 

U8.2 

123.2 

93.1 

61.3 

71.3 

3.5 

36.1 

123.'’ 

97.0 

68.6 

71.7 

3.5 

32.5 

122.  U 

97.7 

65.0 

76.0 

3.5 

UU.6 

121.0 

87.9 

5U.U 

6U.7 

1*.0 

U8.2 

121.3 

92.8 

58. U 

61.5 

1*.0 

51.8 

122.8 

92.8 

59.1 

71.7 

U.O 

5U.2 

122.  U 

85.2 

51.3 

62.6 

U.O 

58.8 

il9.5 

9U.- 

6U.6 

79.8 

U.O 

58.8 

119.5 

89.0 

58.3 

73.0 

U.O 

63.8 

123.6 

90.3 

5U.8 

65.5 

U.O 

51.8 

122.3 

93.8 

57.6 

61.8 

U.5 

U8.2 

123.2 

93.5 

62.5 

69.6 

U.5 

U8.2 

119.1 

93.5 

57.2 

68.9 

U.5 

5U.2 

123.6 

99.8 

68.1 

73.1 

U.5 

75.9 

121.7 

98.9 

63.0 

72.7 

U.5 

65.0 

123.2 

93.1 

57. U 

6U.0 

5.0 

72.2 

121.7 

98.2 

63.5 

71.3 

5.0 

69.8 

123.2 

106.0 

75. U 

85.1 

5.0 

7U.9 

122.8 

105. u 

73.6 

85.8 

5.0 

8U.3 

125.0 

120.7 

101.3 

106.3 

5.0 

70.5 

119.9 

95.8 

6U.9 

8U.U 

5.0 

85.8 

121.8 

95.1 

63.5 

79. U 

5.5 

70.5 

121.0 

95.1 

60.5 

80.1 

5.5 

70.5 

123.6 

101.9 

72. U 

87.3 

6.0 

88.2 

119.5 

101.9 

68.7 

75.  > 

6.0 

95.2 

12U.U 

I0U.6 

71.5 

87.3 
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Table  7 

Gtockbon  Dorn,  Maximum  Upllf't  Forces 
Measured  in  Ri(.:ht  bay  (Lookiut: 
Downstream),  6.621-in. 

Bac k-ot‘-Gate  Orifice 


Gate  Opening: 

MaximiUfi 

at 

Uplift  Foret,  ki 
Initial  .Heal  of 

ps , 

ft 

100  ft 

120  ft 

0.5 

80.6 

77.lt 

0.5 

73. 7 

7T.it 

1.0 

86.0 

7:-.  9 

1.0 

76.2 

76.8 

1.5 

95.8 

89.7 

1.5 

92.2 

87.2 

2.0 

95.8 

121.6 

2.0 

32.9 

118.0 

2.5 

97.1 

u35.2 

2.5 

111.3 

129.0 

3.0 

120.lt 

159.7 

3.0 

118.0 

127.8 

3.5 

iGh.l 

lit7.5 

3.5 

133.9 

161.0 

h.O 

192.9 

12U.1 

h.Q 

135.2 

l63.lt 

'^1*-  - 


V 


Table  8 

Bit'  tend  Dam,  Maximum  Uplift  Forces  Meas^ored  in 
Middle  Bay,  8.68T^-in.  Back-of-Gate  Orifice 


>ate  Opening 

Maxlinura  Uplift 

Force,  kips. 

at  Initial  of 

ft 

80  ft 

100  ft 

120  ft 

O.b 

42.0 

23.8 

17.9 

0.5 

-- 

-- 

21.5 

0."'i 

52.5 

21.5 

16.7 

0.  '5 

68.0 

3^.8 

22.6 

0.Y5 

-- 

-- 

28.6 

0.75 

-- 

-- 

27.4 

1.0 

8?.o 

60.1 

68.0 

1.0 

8?.o 

48.9 

1.5 

10^'.  7 

113.. 

87.0 

1.5 

115. 

108.5 

90.0 

2.0 

126.4 

136.0 

128.8 

2.0 

128.4 

138.3 

172.9 

2.5 

150.'. 

166.0 

159.8 

2.5 

138.3 

153.8 

175.3 

3.0 

122.8 

157.4 

231.3 

3.0 

131 .2 

131.2 

180 . 6 

3-5 

146.7 

159.8 

21  .'.0 

3.5 

l4*'.o 

164.5 

192 . 0 

4.0 

155.0 

158.6 

274.2 

4.0 

152.6 

100.8 

270.7 

4.5 

178.0 

236.1 

473.4 

4.5 

183.6 

316.0 

261.1 

4.5 

— 

251.6 

5.0 

166.0 

258.7 

479.3 

5.0 

165.7 

370.2 

523.4 

■ -I' 


Table  9 


PU’’  Bend  Drun,  Maxlrr.um  Uilift  Forces  Measured 
In  Miidle  Bay,  H.687^-iti.  back- 
of-'-ate  Orifice 


"O-ft  Initial  Head,  MaximUE  Uplift  Force,  kips 

late 

Right  “i-  Left 

All  Gate 

eriinr 

Left  Gate 

Rit^ht  Gate 

Gate  Slots 

Slots 

ft 

Slot  Sealed 

Slot  Sealed 

Sealed 

Opened 

0.5 

U4.1 

59.6 

70.3 

42.9 

0.5 

58.4 

56.0 

78. 

— 

0.75 

83.5 

78.7 

81.1 

52.5 

0.75 

75.1 

58.4 

119.2 

68.0 

1.0 

103.6 

84.3 

116.9 

87.0 

1 .0 

90.3 

70.3 

125.2 

87.0 

1.5 

1P2.8 

108.4 

150.5 

109.7 

1.5 

137.3 

106.0 

i4p.i 

115.7 

without  okin  i late  on  Downjtreain  ide  of  Intake  'late 


Gate 

100- Initial  Head 

0 

1 

tial  H ad 

Open  inf' 

ithout 

Wit’n 

W ■ thout 

V.'ith 

i*t 

.Ikin  I late 

Pkin  1 late 

2 k I n I late 

2 kin  1 late 

1.0 

95.0 

101.'’ 

103.'’ 

104.8 

1.0 

103.6 

107. 

118.0 

138.5 

1.0 

93.8 

— 

— 

— 

2.0 

131.9 

1U6.9 

161.8 

146.9 

2.0 

131.9 

160.2 

163.0 

192.7 

3.0 

188.0 

228.8 

342.0 

403.4 

3.0 

213.0 

219.2 

324.8 

531.0 

3.0 

— 

249.3 

323.6 

— 

.0 

266.2 

278.2 

463.7 

552.8 

!-.0 

2U7.O 

248.0 

379.7 

558.8 

5.0 

515.3 

507.0 

627.7 

651.5 

5.0 

530.0 

369.7 

553.4 

647.9 

5.0 

— 

443.2 

— 

— 

Table  11 


Bi.'  Beni  Dair>,  Maximu::i  U;  lift  Forces  for  Loi;.'  ,12b-ft)  aad 
Shoi't  j , 8.6875-in-  BaeK.-of-Qate  Orifice, 

Left  bay  ,Lookin,:  Doviistrean;) 


Maximum  "plift  Force,  kips 


late 

■ 0- It  Initinl  !?ead 

100- :'t  Initial  Head 

r'o-ft 

Initial  Head 

Opening 

Short 

Long 

Short 

Long 

Short 

Long 

ft 

Penstock 

Penstock 

Penstock 

Penstock 

Penstock  Penstock 

1.0 

05.8 

07.5 

84.7 

70.3 

86.7 

113.2 

1.0 

87.2 

66.2 

85.0 

77.5 

03.9 

-- 

1.5 

110.6 

106.0 

110.3 

05.4 

114.4 

101.3 

1.5 

110.6 

03.0 

116.0 

119.2 

118.0 

-- 

2.0 

116.7 

118.0 

128.0 

137.1 

143.3 

145.4 

2.0 

113.0 

00.9 

131.2 

140.7 

132.5 

119.2 

2.5 

135.2 

116.8 

138.4 

156.6 

142.1 

166.9 

2.5 

127.8 

107.2 

136.0 

166.2 

154.1 

150.2 

3.0 

127.8 

121.6 

145.6 

144 . 5 

209.6 

223.0 

3.0 

120.0 

128.9 

145.6 

174.6 

224.0 

202.7 

3.5 

145.0 

150.5 

174.2 

197.5 

210.7 

219.4 

3.5 

148.7 

144.5 

168.1 

192.7 

251.7 

243.2 

4.0 

150.7 

160.2 

186.1 

203.5 

234.8 

259.9 

i-.O 

143.8 

161.4 

180.2 

209.6 

252.9 

256.4 

4.5 

162.2 

180.6 

247.0 

208.3 

298.6 

302.9 

4.5 

152.4 

171.0 

250.6 

232.4 

298.6 

274.2 

5.0 

202.8 

238.4 

232.7 

256.5 

281.8 

298.1 

5.0 

220.0 

218.0 

298.3 

263.7 

296.2 

372.0 

9/iixii 
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PLATE  2 


12-IN.  BACK-OF-GATE  ORIFICE  DESIGN 


CANNON  DAM 


IIO-KIP  GATE  (DRY  WEIGHT) 

BACK-OF-GATE  ORIFICE  =0.6875  IN. 


131-KIP  GATE  (DRY  WEI 


< 


PLATE  14 


TOTAL  UPLIFT  FORCE.  KIPS 


TOTAL  UPLIFT  FORCE,  KIPS 


TOTAL  UPLIFT  FORCE.  KIPS 


gate  opening.  PT. 


total  uplift  force 

STOCKTON  DAM 


120-ET  I^.ITIAL  HEAD 
BA.  k-OE-GATE  orifice  - 6.62E  IN 
RIGID  CONNECTION 
LEFT  bay 


DISCHARGE  COEFFICIENTS 
CLARENCE  CANNON  DAM 


PLAN 


IT 


ELEVATION 


r 


LOAD 

CELL 


UPSTREAM 
FACE  > 


TI«- 


GATE 


1 PENSTOCK 

?,  SLOT  3 'CENTER  OF  BAY  3) 

3.  SLOT  2. CENTER  OF  BAY  2) 

4 bottom  OF  SLOT  1 CENTER  OF  SLOT  1 
5.  MIDDLE  OF  GATE  (OFF  LONGITUDINAL 
CENTERLINE  0 S'; 

6 LOAD  CELL  ON  RIGID  CONNECTION 

7 BACK  OF-GATE  ORIFICE 

6 BOTTOM  OF  GATE  (OFF  LONGITUDINAL 
CENTERLINE  0 5 1 

9 SCROLL  CASE 

10  standpipe  head  POOL' 


LOCATION  OF 
PRESSURE  CELLS 


In  accordance  with  ER  70-2-3,  paragraph  6c(l)(h), 
dated  15  February  1973>  a facsimile  catalog  card 
In  Library  of  Congress  format  Is  reproduced  below. 


George,  John  F 

Powerhouse  intake  gate  catapult  study.  Big  Bend  Dam,  South 
Dakota,  and  Stockton,  Harrv  S.  Truman,  and  Clarence  Cannon 
Dams,  Missouri;  hydraulic  model  investigation,  by  John  F. 
George  Glenn  A.  Pickering.  Vicksburg,  U.  S.  Array  Kngi- 

neer  Waterways  Experiment  Station,  1^77. 

1 V.  (various  pagings)  illus.  27  cm.  (C.  S.  Waterways 
Experiment  Station.  Technical  report  H-77-B) 

Prepared  for  U.  S.  Army  Engineer  District,  Omaha,  Omaha, 
Nebraska;  V.  S.  Army  Engineer  District,  Kansas  City,  Kansas 
City,  Missouri;  t^andj  U.  S.  Army  Engineer  District,  St.  Louis, 
St.  Louis,  Missouri. 

1.  Big  Bend  Dam.  2.  Clarence  Cannon  Dam.  3.  Electric 
power  plants.  4.  Gates  (Hydraulic  structures).  5.  Harry  S. 
Truman  Dam.  b.  Hydraulic  structures.  7.  Intake  structures. 
8.  Stockton  Dam.  I.  Pickering,  Glenn  A.,  joint  author. 

II.  U.  S.  Army  Engineer  District,  Omaha.  III.  I’.  S.  Armv 
Engineer  District,  Kansas  City.  IV.  U,  S.  Army  Engineer 
District,  St.  Louis.  (Series:  U.  S.  Waterways  Experi- 
ment Station,  Vicksburg,  Miss.  Technical  report  H-77-8) 
TA7.W34  no.H-77-8 


